(19) Japanese Patent Office (JP) (12) PATENT PUBLICATION (A) (1 1) Patent publication number 

Patent Publication Hei 6-73 1 63 

(43) Publicized date: Heisei 6th year (1994) March IS 



(5 1 )Int.Cl^ ID Code Office control number 


FI Location to show technology 


C08G 59/40 NKK 84 16-4 J 




NJL 8416-4J 








6345-4G 


BOIJ 13/02 L 


6345-4G 


B 




Examination request: has not been requested 








Continued to last page 


(21) Application numb»: 


(71) Applicant: 000004086 


Patent Application Hei 5-165049 


NIPPON KAYAKU CO., LTD. 


(22) Date of filing: 


1-11-2 Fujinucho, Chiyodaku 


Heisei 5th year (1993) June 1 1 


Tokyo 


(31) Priority Right Claim No. 


(72) Inventor: Mori, Tetsu 


Patent Application Hei 4-191348 


239 Iwabanacho, Takasakishi, Gunma 


(32) Priority Date 


Prefecture 


Heisei 4th year (1992) Jvme 26 


(72) Inventor: Noji, Minoru 


(33) Priority Right claiming coimtry 


2-1 1-6 Shiroyamacho, Takasakishi, 


Japan (JP) 


Gunma Prefecture 



(54) [Title of the invention] A microcap- 
sule type curing promoter, an epoxy resin 
composition containing the promoter and a 
cured product. 
(57) [Summary] 

[Constitution] An epoxy resin composi- 
tion of which essential components are, a 
microcapsule type phosphoric ciuing 
promoter wherein core material is phospho- 
ric curing promoter and a material of shell 
wall which encapsulates the core material is 
composed of a polymer of which major 
polymerization component is ethylenic 
monomer; an epoxy resin and a ciiring 
agent, and a cured product. 
[Effect] Since epoxy resin composition 
which contains microcapsule type, phospho- 
ric curing promoter of this invention can 
achieve preservation in one solution at 



ordinary temperature, ciiring performance 
when heated and physical property of 
hardened product at a high level, it can be 
applied in painting, electrical, civil engi- 
neering and adhesive field. Furthermore, the 
microcapsule type phosphoric curing agent 
can be applied to urethane resin and siUcone 
resin as well. 
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[Claims] 

[Claim 1] Microcapsule type phosphoric 
hardening promoter composed of polymer of 
which major component is ethylene type 
monomer which encapsulates the core .. 
material which is phosphoric type curing 
promoter. 

[Claim 2] Epoxy resin composition 
characterized by having epoxy resin, curing 
agent and microcapsule type phosphoric 
curing promoter described in Claim 1 as 
essential components. 
[Claim 3] Cured product of the epoxy 
resin composition described in Claim 2. 
[Detailed Explanation of the invention] 
[0001] 

[Application field in the industry] This 
invention relates to a microcapsule type 
curing promoter, an epoxy resin composition 
and a cured product which contain micro- 
capsule type phosphoric curing promoter, 
having an excellent preserving property in 
one part solution at ordinary temperature 
and physical property. 
[0002] 

[Conventional technology] Two part type 
heat curing resin which initiates curing by 
mixing a primary ingredient and a secondary 
ingredient, which is represented by such as 
epoxy resin, has an excellent reactivity and a 
balanced physical property. Therefore, it 
has been applied in a wide range of field 
such as a coating field in automobile and 
cans, an electrical field such as shielding 
material and a layering plate and a field of 
adhesive. However, the curing starts easily 
by a contact of the primary and secondary 
materials, it is stored by a method of two 
part, separation type solutions at ordinary 
temperature or a method of one part type 
under refirigeration (fireezing). In the 
method which stores by two solutions- 
separated type at ordinary temperature, 
handling is cumbersome because a required 
volume has to be measured inmiediately 
before the use and mixed. On the other 
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hand, a method of preserving in one part at 
low temperature has a disadvantage in 
regards to the cost for storage. 
[0003] Therefore, epoxy resin which can be 
stored at ordinary temperature has been in 
demand for a long time, and various meth- 
ods have been considered. Among all, a 
method in which one element of the compo- 
sition is made into microcapsule to achieve 
one part type storage at ordinary temperature 
is promising. For example, as disclosed in 
Patent Publication Hei-3-182520, a method 
to tum curing agent into microcapsule has 
been adopted. 
[0004] 

[Problems to be solved by the invention] 
When making such as amine group curing 
agents into microcapsule, the one which has 
high solubility with water does not have 
stabihty in dispersion system in manufac- 
turing the microcapsule, and stable capsules 
having high concentration can not be 
obtained easily. Therefore, even the storage 
of one part at ordinary temperature is 
achieved, amount of capsules added to the 
resin composition has to be increased and 
there is a strong effect of the capsule film 
material to the physical property of cured 
product. Presently, there is no epoxy resin 
which satisfies three factors of one part 
storage at ordinary temperature, curing 
property when heated and used and physical 
property of cured product. 
[0005] 

[Method to solve problem] This invention 
was realized to solve such problems and 
since a phosphoric curing promoter having 
relatively small solubihty to water is chosen 
as a core material, the microcapsule which 
has high concentration of curing promoter 
can be obtained stably. Accordhig to this 
fact, one part storage (Some epoxy resins 
and curing agents have high softening points 
and are in solid form at ordinary tempera- 
ture, here, the mixture of epoxy resin and 
curing agent and curing promoter is called 
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as "one part" without discriminating the 
solid and liquid), curing performance when 
heated and used, and physical property of 
cured product can be achieved at a high 
level. This means that this invention relates 
to an epoxy resin composition of which 
essential components are, (1) a microcapsule 
type phosphoric curing promoter wherein 
core material is phosphoric curing promoter 
and a material of shell wall which encapsu- 
lates the core material, is a microcapsule 
type phosphoric curing promoter composed 
of a polymer of which major polymerization 
component is ethylenic monomer; (2) epoxy 
resin and curing agent and epoxy resin 
composition of which essential component 
is microcapsule type phosphoric curing 
promoter described in above (1), and (3) 
cured product of epoxy resin described in 
above (2). 

[0006] In this invention, examples of 
phosphoric curing promoter which is turned 
into microcapsule are organic phosphine 
compound such as primaiy phosphine, 
secondary phosphine and tertiary phosphine, 
more concretely, ethyl phosphine, alkyl 
phosphine such as propyl phosphine, phenyl 
phosphine, dimethyl phosphine, diethyl 
phosphine, dipropyl phosphine, dialkyl 
phosphine such as diamyl phosphine, 
diphenyl phosphine, methyl phenyl 
phosphine, ethyl phenyl phosphine, 
trimethyl phosphine, triethyl phosphine, 
tributyl phosphine, trialkyl phosphine such 
as trioctyl phosphine, tricyclohexyl 
phosphine, triphenyl phosphine, alkyl 
diphenyl phosphine, dialkyl phenyl 
phosphine, tribeniyl phosphine, tritolyl 
phosphine, p-styryl phosphine, tris(2,6- 
dimethoxy phenyl) phosphine, tri-4-metyl 
phenyl phosphine, tri-4-methoxy phenyl 
phosphine, tri-2-cyano ethyl phosphines, 
[0007] phosphine alkane compound such as 
bis(diphenyl phosphine)methane, 1,2- 
bis(diphenyl phosphine)ethane, 1,4- 
(diphenyl phosphine) butane and addition- 



ally, triphenyl phosphine-triphenyl borane, 
tetraphenyl phosphonium-tetra phenyl borate 
and examples are not limited to those listed. 
[0008] For ethylene type monomer used to 
manufacture a polymer which is a material 
for fihn (component of shell wall) for 
microcapsule, examples are (metha) acrylic 
group monomer such as acrylate ester, 
methacrylate ester, itaconic acid ester and 
crotonic acid ester ( for those esters, alkyl 
ester of carbon number 1 to 8 and the one of 
which alkyl group of this alkyl ester has a 
substituent such as phenyl are listed), and 
additionally, monofunctional monomers 
such as styrene, a -methyl styrene, vinyl 
chloride, vinylidene chloride, acrylonitrile, 
methacrylonitrile and vinyl acetate and 
multifunctional monomers such as ethylene 
glycol di-(metha)acrylate, polyethylene 
glycol di(metha)acrylate, divinyl benzene, 
bisphenol A-di(metha)acrylate, methylene 
bis (metha) acrylamide. 
[0009] More than two Icind of monomers 
are normally used together in order to obtain 
desired characteristic. It is especially 
preferable to add partly muM fimctional 
monomer to mono-functional monomer and 
crosslink. The amount to be used in this 
case, 50 to 95 weight % of mono functional 
monomers and 5 to 50 weight % multi 
functional monomers are preferable. 
Also, ethylene type monomer is preferably 
used at the rate of 1 to 49 weight parts, more 
preferably 1 to 19 weight parts. 
[0010] Although several kinds of manu- 
facturing method of microcapsule are listed, 
normal suspension polymerization method 
or emulsifying polymerization method can 
be adopted. Concretely, phosphoric curing 
promoter, monomer and polymerization 
initiator are pre-mixed and made into a 
hydrophobic capsule material and added to 
aqueous medium mixed with dispersant, 
electrolyte and morganic fine powder as 
needed and stirred and dispersed particles 
are obtained. The number of rotation of 
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mixing blade and the adding volume of 
dispersant (stabilizer) are adjusted so diat 
the average diameter of microcapsule 
becomes to be 0.1 to 500 ^im, more prefera- 
bly 1 to 100 Jim. If desired, dispersing 
machine such as homogenizer may be used. 
After this, inside the system is substituted 
with nitrogen and heated and polymerized. 
Temperature of reaction is preferably 60 to 
100°C and the duration of reaction is 
preferably 3 to 10 hours. After tlie reaction 
is complete, filtering, washing with water 
and drying are provided and curing promoter 
containing fine particles are obtained 
(microcapsule type phosphoric curing 
promoter). 

[0011] For polymerization initiator, azo 
compound such as v-70, V-68, V-65, V-60, 
V-59, V-40 and V-601 (each are made by 
Wako Jxmyaku Co. Ltd.), organic peroxide 
such as benzoyl peroxide, o-methyl benzyl 
peroxide, lauryl peroxide, t-butyl peroxy 
pivalate, t-butyl peroxy-isobutylate and 
cimiene hyde peroxide are generally listed. 
The polymerization initiator is used at the 
rate of 0.1 to 5 weight parts against 100 
weight parts monomer, more preferably 0.05 
to 1 weight parts. 

[0012] In ti[ie aqueous medium, such as 
dispersant is added and dispersion system is 
stabilized. Dispersant is not limited while 
dispersing (stabilizing) effect is present, 
examples are nonionic sxirfactant, such as 
polyoxy ethylene lauryl ether, polyoxy 
ethylen oil ether, polyoxy ethylene nonyl 
phenyl ether, sorbitane mono laurate, 
sorbitane tristearate, polyoxy ethylene 
sorbitane monolaurate, sorbitane tristearate, 
polyoxy ethylene sorbitane monolaurate, 
polyoxy sorbitane monooleate, 
[0013] anionic surfactant such as lauryl 
sodium sulfate and dodecyl benzene sodium 
sulfonate, cationic surfactant such as lauryl 
trimethyl ammonium chloride, stearyle 
trimethyl ammonixmi chloride, water soluble 
polymers such as polyvinyl alcohol, sodium 
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polyacrylate, polyvinyl pyrrolidone, car- 
boxymethyl cellulose. More than two kinds 
of these dispersants may be combined and 
used. 

[0014] Microcapsule type phosphoric 
curing agent of this invention are mixed into 
epoxy resin composition which is supposed 
to be cured. Epoxy resin composition has 
epoxy resin and curing agent as primary 
components and can be mixed with inor- 
ganic filler, pliability adding agent, organic 
filler, solvent diluent, pigment, flame 
retardant, releasing agent, silane coupling 
agent and titanic coupling agent. 
[0015] For epoxy resin, it is not especially 
limited as far as it is a composition which 
has more than two epoxy groups in a mole- 
cule and examples are an epoxy resin of 
glicidyl ether group such as gUcidyl ether of 
bisphenol A, gUcidyl ether of bisphenol F, 
ghcidyl etiier of resorcin, glicidyl ether of 
glycerin, glicidyl ether of polyalkylene 
oxide, glicidyl ether of bisphenol A bromide 
and their oligomers, 

[0016] and furthermore, phenols which is 
represented by such as glicidyl ether of 
phenol novolac, ortho cresols and/or naph- 
thols and formalins, epoxy of condensation 
with aliphatic groups, aromatic group 
aldehyde group or ketons, alicyclic epoxy 
resins such as aUcyclic diepoxy acetal, 
alicyclic diepoxy agipate and alicyclic 
diepoxy carboxylate. 

[0017] Additionally, epoxy resin of glicidyl 
ester group such as digUcidyl ester phtha- 
late, digUcidyl ester tetra hydro phthalate, 
diglicidyl ester hexa hydro phthalate, 
glicidyl amine type epoxy resins such as 
N,N-diglicidyl aniline, tetra glicidyl amino 
diphenyl methane, heterocyclic epoxy resin, 
hydantoin epoxy resin, triglicidyl iso- 
cyanurate are listed and these epoxy resins 
can be used together. 
[0018] Curing agent is not especially 
limited as far as it is a generally used, curing 
agent, amine type curing agent, anhydride 
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type curing agent and phenol type curing 
agent are listed for examples. Concretely, 
aliphatic diamine group, aliphatic polyamine 
group, aUphatic polyamines containing 
aromatic ring, alicyclic and ring form 
polyamines, aromatic primary amines, 
aliphatic anhydride, alicyclic anhydride, 
aromatic group anhydride, halogen group 
anhydrades, triphenol, phenol novolac and 
cresol novolac are listed for examples. 
Also, these curing agents can be combined 
and used. 

[0019] The amount of curing agent used in 
the epoxy resin composition of this inven- 
tion, does not have a specific limitation, 
however, 0.1 to 2.0 equivalent to the amount 
of epoxy in epoxy resin is preferable, more 
preferably, it is 0.3 to 1.5 equivalent. Also, 
the curing promoter contained in microcap- 
sule type phosphoric curing promoter is 
mixed at flie rate of 0.05 to 5.0 weight parts 
against 100 weight parts epoxy resin, more 
preferably, 0.07 to 3.0 weight %. Epoxy 
resin composition of this invention can be 
obtained by mixing each ingredient homo- 
geneously. 

[0020] The epoxy resin composition of this 
invention is cured by a similar method with 
traditionally known methods and a cured 
product of epoxy resin composition can be 
easily obtained. For example, components 
of epoxy resin composition of this invention 
are mixed homogeneously as needed, by 
using such as kneader, extruder and roll and 
are melted depending on the need and 
formed by injection or transfer molding 
machine and curing product is obtained by 
heating furthermore for 0.5 to 1 hour at 80 to 
200 ^C. 

[0021] Also, the epoxy resin composition 
of this invention is mixed with solvent and 
soaked to the substrate such as glass fiber, 
glass cloth, carbon fiber, polyester fiber, 
polyamide fiber, alumina fiber and paper 
then heated and dried and pre-preg is 
obtained, then it is heat pressed and cured 
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product can be obtained. Also, making into 
layered plate by regular varnish preparation, 
soaking, drying, pre-impregnating, layering 
and curing is possible. Furthermore, micro- 
capsule type phosphoric curing promoter of 
this invention can be added with soUd epoxy 
resin, aromatic group amine, polycarboxylic 
acid, and its anhydride, carboxyhc acid 
hydrazidc, curing agent such as dicyan 
diamide, pigment and leveling agent and 
kneaded by such as located roll and kneader 
then classified and pulverized into powder 
paint and it is coated to adlierent with 
electrostatic coating and fluid dipping 
methods, then heated, dissolved and cured 
and the coated film can be obtained. Epoxy 
resin composition of this invention is 
excellent in storing in one part at ordinary 
temperature and there is almost no effect on 
heat curing property and physical property 
of cured product by capsule fihn material 
and it can be utilized in the field of painting, 
electrical, civil engineering and adhesion. 
[0022] Following is the explanation of this 
invention by referring to the Embodiment 
Examples. 

[0023] Embodiment Example 1 
Preparation of hydrophobic microcapsule 
material 

10 weight parts triphenyl phosphine, 16 
weight parts methyl methacrylate, 16 weight 
parts styrene, 8 weight parts ethylene glycol 
dimethacrylate, 0.025 weight parts V-60 and 
0.025 weight parts V-40 were mixed at room 
temperature. 

[0024] Preparation of aqueous medium 
200 weight parts water, 0.2 weight parts 
Neoprex No. 6F (dodecyl benzene sodiima 
sulfonate, made by Kao Co.Ltd.), 0. 1 25 
weight parts polyvinyl alcohol (made by 
Kurare Co., Ltd.) were mixed. 
[0025] Turning into microcapsule 
Above mentioned material for microcapsule 
and aqueous medium were mixed in a sealed 
container and dispersed while stirring with 
mixing blade at the speed of 500 r.p.m.. 
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After the inside of the container was substi- 
tuted by nitrogen, it was let react for 4 hours 
at 60**C. After the reaction was complete, 
the solution was filtered, washed with water 
and dried, then 30 weight parts microcap- 
sules with average particle diameter of 
SO^im (microcapsule type phosphoric curing 
promoter) were obtained. 
[0026] Measuring of storage stability and 
physical property of cured product 
100 weight parts Epicoat 828 (bisphcn>'l A 
type epoxy resin, made by Yuka Shell 
Epoxy Co.Ltd.), 91 weight parts Rikashid 
MT-500 (methyl tetra hydro anhydrous 
phthalate, made by Shin Nippon Rika Co., 
Ltd.), 7.7 weight parts microcapsule pre- 
pared above were mixed and one part type 
epoxy resin composition was prepared. 
Storage stability of this composition was 
measured by Gel Time Tester No. 153 (made 
by Yasuda Seiki Co., Ltd.) at SO^'C and the 
time of gelling was 600,000 seconds. ( if 
gelling time was more than 300,000 sec- 
onds, it is treated as good and if it is less 
than 60,000 seconds, it is regarded as no 
good, hereafter.) Also, Tg point (glass 
transition temperature) of the cured product 
which was hardened for 3 hours at 150°C, 
was measured by using a thermal machine 
tester (TMA-7000, made by Shinku Rikoh 

Table I (1) (numbers show weight parts in the table) 



CO., Ltd) and the result was HS^'C. 
[00271 Embodiment Example 2 through 14 
Core material and ethylene type monomer 
were changed as shown in Table 1 and other 
part was kept as same with Embodiment 
Example 1 and microcapsule was prepared 
and storage stability was measiired and the 
storage stability of each one was all good. 
Also, when Tg point of the cured product 
was measured, effect to Tg point of the 
cured product by tiinii::g the curing pro- 
moter into microcapsule was hardly noticed. 
[0028] Legend 
MMA: methyl methacrylate 
St: styrene 

t-BMA: t-butyl methacrylate 
Vac; vinyl acetate 

EGDM: ethylene glycol dimethacrylate 
DVB: divinyl benzene 
TPP: triphenyl phosphine 
TBP: tributyl phosphine 
TTP: tritryl phosphine 
DPPM: bis(diphenyl phosphine) methane 
TPP-TPB: triphenyl phosphine-triphenyl 
borane 

PP: phenyl phosphine 
DPP: diphenyl phosphine 
[0029] 
[Table 1] 
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[0030] 
[Table 2] 

Table 1 (2) (numbers show weight parts in the table) 
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[0031] Comparative Example 1 

100 weight parts Epicoat 828 (bisphenyl A 
type epoxy resin, made by Yuka Shell 
Epoxy Co.Ltd.), 91 weight parts Rikashid 
MT-500 (methyl tetra hydro anhydrous 
phthalate) and 1 weight part TPP were 
mixed and storage stability was measured 
and the result was no good. Also, Tg point 
of cured product which hardened this one 
part epoxy resin composition before storage 
for 3 hours at ISC'C was measured and the 
result was 137°C. 
[0032] 

[Effect of the invention] By mixing micro- 
capsule type phosphorous group promoter of 
this invention into epoxy resin composition, 



maintaining the storage stability for a long 
time is possible and the effect on physical 
property of the cured product is small. 
Therefore, microcapsule type phosphoric 
curing promoter is mixed into epoxy resin 
composition and it is widely used in the 
applications in painting, electrical material, 
civil engineering and adhesive. Further- 
more, microcapsule type phosphoric curing 
promoter can be also used in two part, 
thermally curing resin composition such as 
urethane resin and silicon resin to initiate 
curing by mixing primary and secondary 
agents. 
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>'7xX;U*X7^X hU-2-->7>'X?;l'*X7 

[0 0 0 7] *X7w/7;p*>fl;^«i, 08A«tfx 

{$?7xX;i/*X7^/) pl^'X 1. 2-fcfX (^7 
3:-}Vti7.y ^ J) X^'X 1. 4- (i^7xx;P*X 
7-f y) -^9^^. ■€•©«!, hU7xX;U*X7-f>- 
hU7xxjl'3jf9X 7^h77xx;V3j?x*x>:;A.'r 
h57xx;i.*p-h«*t«f!I^Sn. <$Kia)£Stitt 

[0 0 0 8] T-f jrD*:/-fe;i'fl;fsK« 

LTtt. (Z^') 7i"J;t'5R*fi«:, mX\t7i;^})m 

xxx;k ^<i';'U;i'»xxx;K 'fi'a>Kxx^ 
;K n b >sxxx;i'^ (cine.xxf'JVtUTtt. 
«^ A tf 1 ~ 8 ©7 Ji'+;i^xx7';H», c ©7;v+ 
;vxxT-;i'©7;i'+;kS«i7xxjvs«®S»S«*rr 
«t)®^*W6n«. ) •t®ffl. x?-i/x o-^i?- 
;i/X5^ux Jfifl;tfx;k «ft;t;xuxx 7i^UDx 
h'JJk ;<3'^'jaxhu;k »Klfx;l^®mSIBtt 
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(3) 
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3 

[0 0 0 9] ^n^oiwmm. mm.nt^'&^m^itit 

«^©ffifflSiJ^S. iEtffi14*a«^5 0~9 5«SX. 
^WI8tt*fi<*:5~5 0Sfi«*t»*tVi. ;&«J 

Kttl~4 9S«BJ:D«F*U<«l~l QMfiffiT 

[0 0 10] •7-i'i7n;fty-fe;KosjjejStta>ir#tf en 

CioT. T'fi'^*7'•fe;^o¥^fig*io. i~5 0 20 
Otfin. J:i3»*U<t41~l 0 0/imtft:5J:5fc-r 

inHKia^Ei&s-tt*. 6 o~i 0 o"c*t» 

[0 0 11] a^BIS&ffltbTtt, HRMfctt. T'/ik. 
^ir, MAtf. V-7 0, V-6 8, V-6 5. V-6 
0. V-5 9. V-4 0, v-6 0 1 (ViTnfe^njfcM 30 
SIS) ^tiiBKm '<>l/'f;P/t-:t 

•f Ho;'?-:t*-9--f H««»W^sn«. a^rMS&SlOffi 

fflStt. *fi#:i 0 oaasEc^tTo. o i~5a* 

iO»^b<ttO. 0 5~iaafi5t7»5. 
[0 0 12] ^ttlKftcftfi. 

>/x;W7xx;wx-x;k v;vh^'>* /^i^u- 

:j-UX-h«, 

[0 0 13] |g-f:i->ttSfffijgtti^. 7'i7'J;P 



4 

[0 0 1 41 2|E5s?g®-7-i'i'DjS7:/-fe;n!U 
JtJPJtt. «!fl:'r'«4Sx#+->«fB»UiMliKi!^'r«. x 

[0 0 15] X.t^d(->mmthX\t, -^fpiZX^j^^r 

ifiji/e?;i/x— T;V3S®x:j*=^^->8Jlii. mti. tf;^7 
x/-;i'A®i^ijs/s;;t^x-7-;k tf:^7xy-Ji'Fo 
i^ij j'i'ji'X-T-fl/, wyji'S'>®y u i'5?;ux-x 

;K i'U-feU>®i''J5/>';VX— rJk :j?U7;i/+l/> 

:t*t}-'f H®i^u->-:?;^x-?Jk :ft^fl:tfX7xy- 

[0 0 16] a6fc7x/-;W#9?>i'Oi'U5'5?;l' 

3S. J!BI!«^35f«J^7Jl.xt: hSi^tt^r h>St®»^ 
«:®X3i<=t">m ||Bj||iCXJ|«*->«fJB, 7U 
y vX)}?:*^>'7-b^-;K 7 U t^'f U 5/ f 
i?x*=t^->7$?'^-b, 7'JiJ--1'i"J yfe^X^j^+i/* 

[0 0 17] -?-®<S, i^Ui'i^;l/X7.7";l'J^®X:d?:^=>5/ 

m 7^';n6>^i^'ji";?;i'XXxJK 

t Hn7^';nSi?ii'Ui'>';PxxT-;k A+-y-AHD7 

^ji'tti^dJ'U s/>';pxx7';i^, i^U 3«'5?;i^73 >»x 

'S\X\t. N. N-i?yU5/':?;i'7XiJX 

xh9i^'J->i?;k75/5;7xx;kpii'x atSHiCx 

fc^'>h'f>fflX#*5/ttJg, hUi^US/ 

i^;w V 5^7^ h«?39tM^sn. jinsxjs^'j^it 

[0 0 18] S^tUTJi, HRfcffi«anTV»5« 

7xy-;vjssft:S!l^*<^^^?ns, M 
^mw^y^ym. jii»«63}?'J75>s. 5? 
sais-ttjjiitm* u 7 5 >®. ifiss;Ri^tt*u 7 
s>^. 5Sr»0iii-7s>€«, mmsskiffm, jg 

SliJK«l*«!iS, ^«Kg6«l*«ja. Any>»S6«* 
#!H^. hux7xy-;i', 7x/-;ky#7yi', 

[0 0 19] *5EWOX4*+'>«tf)lffl^'felCi3tt5fflft 

S!i®ffifflsa. m\zmistts.m\ x)j?4^5/<«ji«t>®x 
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(4) 

5 

<. «kOSf$L/<f±0. 3~1. 
T-f □ * u >^m:iSMmt, #^sn5S 
fl:flEjt3Wfi*J, X3j?*i/«tliioofiSfflfc:jt*l/T. » 

0 7-3. 0afilSt:;*5±3fcBB^-r5. *%igcDX 

[0 0 2 0] *»qg©x#+ffliiiffifi£trtt. «£*aen 
x*+->l»JBfflriJft©^iJ-*iJ5iSK:i6:i;x-^'-, ffb 
T)«SU 8 0~2 0 0'CTO. 5~1 OI^IBJ 

[0 0 2 1] ^^m<ox7^^=¥'^mmWi^mtmi 

VXT.T'JVtm. #'J75HaUt» 7;W5:J-|RI(t, ]K« 

mnivj-T.vm. 16111. -f^ifvific. «H, 
<. m ±*, ««©^»fc*v»Tiiiffl-rs 

[00 2 2] 
[0 0 2 3] lltSfill 

h'J7ix;i'7H;^7w>l oafiffl, ;>^^'!Jru;i'K>(5" 
;H6afia5. ;^?-u>i6Sfi«, x^w>i^>j3- 

;l'v'>l^'i7Ul'-h8Sfi», V-6 0. 0. 0 2 5S 40 
m V-4 0. 0. 0 2 5afifiBSi[fiTj@^l/fc. 

if.l^^'^mSi. ^-^^Vvt^T. No. 6F 

0. 2SfilB, 3j^UHx;i/7;i/a-jl. (i'^U' («c) 

SO 9. \2f>m&m:m^\^it. 

[0 0 2 5] V-f J^nAT'-feJWk 

«i (1) st^Hjifiaus^-r) 

SIM^lJ 2 3 4 5 6 7 

MMA 1916 1616 



4$HJP6-7 3 1 63 



6 



jg^U aj^gg«T5 0 0 r. p. m. XWf^l^Wfi^ 
»'9LV,1t. $lil^$SIIBjAbm 6 0'C-tf4i^|iaK 

■):;V^>J>l!MS!^{Ei&(!D %3 0£fi«K#;ft:. 

[0 0 2 61 fffms&mxmmiD^om 

Xtn-hS 2 8 (b;X7x/-;VASX3j«+->m 

tm^b-^'ijpxjj^^^'i/ («c) i» looaase, 

HMT-5 0 0 (;<5';P'rh7hh-D«|*7^'m ff 
B4:9^ («c) SI) 9 iSSffi, ±8B'C9iSIL;^-7'f 9 
n:^;:/'-feJk 7. 7asa5SJi^UT-J«llx4?4^->8f 

-f At'X^'-No. 153 ($S4IIIS (m ) fciO. 

5 0'Ct?M)£l/}ti:C5-e-C!>y;Vfl:^Iffltt6 0 0. 0 0 

o^Tjfeofc. (Kft, 5 ot:T®y;i/ft;^w*<3 0 

0. 0 0 0fI>£Jl±®<&®^^. 6 0. OOO^SSOt) 

©s^fit-rs. ) Ji®ai«ftsi sot-cs© 

M«fljU&S{bfe®TgA (:«f9X<E»iaaD SISItStt 
(TMA-7 0 0 0, M^mX m ) SfflViT 
1 3 5X:-T?i&o&. 
[0 0 2 7] |liS«a|2'>'14 

Sfil«> x5^P>S*fift:SSlfc^bfcJ:5fc3E3e 

ctfcj:««{is«&®Tg/a'N®^»tt. virn®*^*) 

[0 0 2 8] «l»f»®llS#®KIB 
S t : 7.9l^> 

t - BMA : t -ff-J\fi^9t> U I/- h 
VAc :»ffit;z:;i. 

EGDM : X^W-^if U3-Jk5?pl5'i; »J k-h 
DVB : 5?lfx;l^>^> 
TPP : h'J7xX;i'3)>X7W> 
TBP : hU:/5^;V*X7W'> 
TTP : hU h'J-)U^?X7^> 
DPPM:lfX (i?7x:zjP7*X7-ry) i^9> 
TPP-TPB : hU7xr:JW7*X7-f >-hy7x 
XJV*7> 

PP : 7i-;V*X7w^> 
DPP : J?7xX;i'*:X7W'> 
[0 029] 
[^1] 



8 
1 2 



9 
1 6 



1 0 
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[0 0 3 0] 



(5) 



7 

S t 

t-BMA 

VAC 

EGDM 

DVB 

TPP 

TBP 

TTP 



1 6 
1 6 



1 9 



16 16 12 



16 3 2 



8 9.5 8 8 8 



10. 2. 5 10 10 



20 



1 0 



^ ^ ^ 



1 0 



^10* [$t2} 



«1 (2) 

MMA 
S t 

EGDM 
DPPM 
TPP-TBP 
PP 
DPP 

[0 0 3 1] imvil 
?ftfl:vx;i^X3p+v m) m lOOSfiSS, U*v:y 

0*i!fl: m m) 9 isaa$, TPPi2«g?&i^ 

[0 0 3 2] 



10 



5(? 



1 0 



1 6 

8 
1 0 



1 1 


1 2 


1 3 


1 4 


1 6 


1 6 


1 6 


16 


1 6 


1 6 


1 6 


1 6 


8 


8 


8 


8 


1 0 









1 0 
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20 

1 2 
6 
2 

1 0 



jcE^t. ««^ja:tt68®ffli^tt?ij 
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